The electroencephalogram (E.E.G.) is often abnormal in patients with pernicious anaemia. This abnormality is not related to age or to haemoglobin level and is reversible with vitamin B12 therapy. In 76 cases of pernicious anaemia with abnormal E.E.G.s (Walton, Kiloh, Osselton, and Farrall, 1954) the changes in the E.E.G. were reversed in 60 (79 %) by the administration of vitamin B12, the improvement beginning in seven to 10 days and usually being complete in a month. Serum vitamin B12 levels were not reported in that study, but the suggestion was made that the E.E.G. changes were due to a specific defect in cerebral metabolism. In another study (Smith, 1962 ) the E.E.G. was found to be abnormal in nine of 11 vegans, the abnormality being associated vwith low serum vitamin B12 levels, the three most abnormal E.E.G.s being associated with values of 48, 80, and 90 ,u,g./ml. Vegans are extreme vegetarians who exclude not only meat but also dairy produce and eggs from their diet. Since it has become realized that vegans may develop neurological complications from dietary vitamin B12 deficiency, many have supplemented their diet with a compound yeast extract or a milk substitute of vegetable origin which contains vitamin B12.
In the present paper we report an investigation of 17 vegans. Their E.E.G.s were studied to see whether abnormalities were still present after low-content vitamin B12 supplements. In a few of the vegans, E.E.G.s were repeated after intensive vitamin B12 supplementation to try to detect reversal of abnormalities. The reporting of the diffuse types of E.E.G. abnormality seen in metabolic disorders, particularly when these are mild, is apt to be highly subjective and subject to observer error, a bias likely to be increased when automatic frequency analysis is not available as was the case with our investigation. We therefore decided that the E.E.G. scoring should be done 'blind'. Furthermore, as about 10% of the population have diffuse non-specific deviations from a well-formed alpha rhythm in the E.E.G. we decided to include control subjects so that any abnormalities in the vegans' E.E.G.s would have to differ significantly from the controls before they could be considered as possibly metabolic in origin. In addition, some vegetarians and some patients with vitamin B12 and with folic acid deficiency were included in the expectation of forming a continuum of E.E.G. abnormality, ranging from the non-metabolic to the definitely metabolically abnormal types.
Another variable in the E.E G. that we thought might intrude was the mild, diffuse, non-specific abnormality due to anxiety proneness (Ulett, Gleser, Winokur, and Lawler, 1953) or to general personality or constitutional differences (Hill, 1963) . We therefore included a personality questionnaire to measure extroversion and neuroticism in the groups with the expectedly more normal E.E.G., namely, the controls, the vegetarians, and the vegans.
Personality and constitutional differences have been related to the type of body build (Kretschmer, 1951) so that we used a simple index calculated from the height and weight (Schrade, Boehle, and Biegler, 1960) . Thinking that an error might be introduced in the body build index through the vegans being possibly underweight, we calculated an obesity index by relating the observed weight for height to standard values (Kemsley, Billewicz, and Thompson, 1962) .
MATERIALS AND METHODS
CONTROL SUBJECTS The 18 meat-eating healthy controls were volunteers from the medical, nursing, and ancillary staff of Belmont Hospital. The sample was therefore biased in favour of the volunteer. or neurological abnormalities, one patient with mixed vitamin B12 and folic acid deficiency, and two with folic acid deficiency were referred before treatment was begun from the Kingston Hospital Pathological Laboratory. The E.E.G.s were done the day after the patients were referred to the laboratory to avoid delaying treatment.
REPEAT E.E.G.S AFTER TREATMENT AND AFTER ADDITIONAL VITAMIN B12 SUPPLEMENTS The E.E.G.s were repeated at various times in five of the pernicious anaemia patients after they had had vitamin B12 treatment, in one patient with folic acid deficiency after being treated for this, and in three of the vegans who had additional vitamin B12 supplements. It was hoped that changes in the E.E.G.s due to lack of vitamin B12 would begin to improve. It was not possible to arrange these follow-ups at the same time intervals.
VITAMIN B12 SUPPLEMENTS Eleven of the 17 vegans had supplemented their diet with extra sources of vitamin B12. In Table IV injections of pure vitamin B12 in the range 1,000-2,000 pg.
for each dose is designated + + +.
E.E.G.S All 58 subjects had a routine bipolar recording when either no drugs were being taken or were omitted at the time. No arrangements were made to take the E.E.G. in the fasting state or to pay attention to blood glucose levels. Three minutes of hyperventilation and rhythmic photic stimulation were included in the recording in addition to the routine resting record. In two of the pernicious anaemia patients it was not possible to carry out hyperventilation.
By obscuring the identity of the E.E.G.s and by randomly mixing up the records of all 58 subjects it was found possible to grade the E.E.G.s from those with normal 8-13 c/s alpha rhythm to those with high-voltage delta (3-5 c/s and under) seen in severe pernicious anaemia. When this was done, eight categories were formed (Table I ). An additional half point was added for a further abnormality arising from hyperventilation or rhythmic photic stimulation, for more localized activity such as intermittent sharp waves, or for a record judged to be intermediate between two tvpes. This half-point system also enabled the scoring to approximate to an interval scale and thus reduce error in calculation product-moment correlation coefficients.
Thus the valid objection that it is difficult to label as either normal or abnormal some of the milder generalized variants of the usual E.E.G. activity was met by scoring the records without any knowledge as to which group they belonged and without knowledge of age, vitamin B12 or other measures.
HAEMATOLOGICAL INVESTIGATIONS Serum vitamin B12 was measured by the Lactobacillus leishmanii method (Sewell, 1960) at the time the E.E.G.s were done. In a few of the vegans previous vitamin B12 levels were known, Mainly regular alpha but theta waves (4-7 c/s) occasionally in the background. 5
Theta more evident, but alpha still prominent 6
Theta dominant, often of higher amplitude than 5, slow alpha (8 c/s) and ± irregular sharp fast background activity 7
Generalized theta, often of higher amplitude than 6, alpha absent 8
Mixed theta and delta activity (3 5 c/s and less) 'An extra halfpoint was given in each group for an additional abnormality evoked by overbreathing or rhythmic photic stimulation or for a record judged intermediate between two groups. and in some folic acid estimations were done by the Waters and Mollin method (1961) . The haemoglobin was estimated as a routine measure. Serum iron and serum cholesterol were also estimated in most of the vegans.
PERSONALITY QUESTIONNAIRE The short form of the Maudsley personality inventory was used (Eysenck, 1958 (Eysenck, , 1959 and was completed by the controls, vegetarians, and vegans, usually at the time the E.E.G. was taken. This questionnaire measures extroversion and neuroticism and we were more concerned that the anxiety proneness associated sometimes with high neuroticism scores might introduce slight E.E.G. changes, which we could then allow for, than we were concerned with demonstrating personality differences between meat eaters and vegetarians and vegans. Clearly these groups differ already in personality as evinced by their choice of diet, and although the Maudsley personality scale is simple to use and has been well-validated, it is hardly a subtle or comprehensive measure of personality, and it was felt that measures of obsessional features or of eccentricity might show better delineation of the groups we studied. An additional factor that might produce high neuroticism scores is the alleged subclinical cerebral effect that may be associated with low serum vitamin B12 values (Holmes, 1956; Smith, 1960; Hunter and Matthews, 1965) and we were interested to see whether the neuroticism scale would show this. The values given by this index were those used by Schrade, et al. (1960) to separate body types, values under 500 representing pyknic-endomorphs, between 500 and 700 for athletic-pyknic mesomorphs, from 700 to 900 for intermediate types, and over 900 for the asthenic-ectomorphic type.
BODY-BUILD INDEX
OBESITY INDEX This index was the ratio of the observed to the standard weight for height, multiplied by 100. STATISTICAL AssEssMENT The two-tailed t test was used to test between-group differences, the 5% level being required for significance. The correlation coefficient was used for within-group comparisons. Neither statistic was felt to be fully appropriate, particularly the t test where the variances differed significantly, but they were helpful in giving some estimate of sampling error. Scatter diagrams were used to exclude definitely curvilinear situations in all correlation cases. Unnecessary decimals were retained in some of the body-build indices (Tables II, III,  IV) to assist ranking where significant differences were tested for by Wilcoxon's test. In this case the standard deviations were calculated from the mean range of subgroups of the observations. Tables II, III , IV and V show the basic data for each ,rmal) supplements, 2,000 xg. being given orally to the three subjects before the first repeat E.E.G., and 1 18 12 injections of 1,000 ,ug. being given to the two 7 35 subjects before they had their third E.E.G. (Table X) .
RESULTS
EXTROVERSION AND NEUROTICISM SCORES No signie as a vegan ficant between-group differences or within-group ,nd equal to correlations were found. The suggestion that basic personality differences or low vitamin B12 values lted patients might increase neuroticism was not found to be true emia patients in the vegans in this particular sample. We are left to explain why the abnormalities in the E.E.G.s of the vegans correlate positively, although weakly (r = +0-51, P = 0-05), with length of time as a vegan and yet not significantly with the age of the vegans. That previously low serum vitamin B12 levels in the vegans may not be the whole explanation for their E.E.G. abnormalities is suggested by our finding that vegetarians have low serum vitamin B12 levels, significantly lower than the controls (t = 5 9, P = <0-001) and yet they have normal E.E.G.s. We suggest, therefore, that, if the E.E.G. abnormalities in the vegans do not reflect the effect of previously low serum vitamin B12 levels, they may be due to another as yet undefined dietary deficiency factor. If this were so, it would be expected that a minimal cerebral deficit might be reflected in raised neuroticism scores in the vegans, but this was not found. There may be a third explanation, namely, that the E.E.G. abnormalities are due to the cerebral effects of a metabolic readjustment to the vegan diet.
SUMMARY
The E.E.G.s in 17 vegans were compared with those 3 of 18 controls, 10 vegetarians, 11 patients with pernicious anaemia, and two with folic acid deficiency. The E.E.G. scoring was carried out blind.
Diffuse abnormalities were found in the vegans' E.E.G.s of a degree that is between that of the vegetarians and the pernicious anaemia patients, but unlike the abnormalities in the latter, the abnormalities in the vegans' E.E.G.s were not affected by high dosage vitamin B12 supplements.
We suggest the following explanations for the diffuse abnormalities in the E.E.G.s in the vegans: that chronically low levels of serum vitamin B12 have been causative; that a hitherto undefined deficiency factor is responsible, or that the changes represent a cerebral metabolic readjustment to the vegan diet. On present evidence, it is not possible to decide between these alternatives, but our finding that vegetarians also have a significantly lower serum vitamin B12 level than controls and yet have normal E.E.G.s seems to throw doubt on serum vitamin B12 levels being the sole explanation for E.E.G. abnormalities in the vegans. 
